Abstract. Environmental factors affect carbon isotope discrimination in plants. Therefore, carbon isotope discrimination records a wealth of environmental information, such as temperature, precipitation etc., and the predominant factor's influence is significant. Based on this hypothesis, we determined the carbon isotope composition of Tamarix growing in the southern margin of the Taklimakan Desert where temperature and water are key growth-limiting factors. Mean annual temperature (MAT) showed a significant impact on variation in carbon isotope discrimination value (DS), but precipitation not. In multiple stepwise regression analysis, MAT was the first and the only variable selected into the prediction model of DS against MAT and precipitation, indicating that the effect of temperature on carbon isotope discrimination was predominant. The correlation between DS and the variation rate of precipitation in previous year shows that precipitation, as a major factor in arid regions, exerts a certain "lag effect" on the growth of Tamarix. The reconstructed MAT regression model was established according to the DS with the least squares method, the result bolster the argument that the planet's temperatures have shifted significantly in the last half-century.
Introduction
Plant carbon isotope discrimination in photosynthesis is closely associated with physiological responses including stomata conductance, assimilation rate, altered C:N allocation to carboxylation, and leaf structure (Seibt et al., 2008; Liu et al., 2014) . It may be affected by many environmental factors such as temperature, moisture, altitude, latitude, longitude, solar radiation, air pressure, and atmospheric CO 2 concentration (Wang et al., 2003; Treydte et al., 2007) . Based on Farquhar's research (1982) , the fundamental mechanism is that these factors can control directly or indirectly the ratio of the intercellular CO 2 concentration (ci) to the ambientCO 2 concentration (ca) to affect plant carbon isotope discrimination.
Some studies have reported that precipitation has a positive influence on plant carbon isotope discrimination and altitude a negative, but that of the temperature is varied (e.g., Zhang et al.: Reconstruction of the paleotemperature in the southern margin of the Taklimakan Desert based on carbon isotope discrimination of Tamarix leaves -562 - Since plant carbon isotope discrimination is closely related to its performance, in which the key growth-limiting factors play a significant role. It has been suggested that the key growth-limiting factor is also the predominant factor affecting plant carbon isotope discrimination (Winter et al., 1982; McCarroll and Loader, 2004) . Thus carbon isotope discrimination records the information of the environment when and where the plant grows, is a good carrier which can be used to reconstruct the factors of climate and the environment in history (Wei et al., 2005) .
In this study, Tamarix leaf carbon isotope composition (δ13C) were investigated in the southern margin of the Taklimakan Desert (TDSM), the data of temperature and precipitation of 1960-2011 was obtained from the Cele Meteorological Station, which is closest to and the same altitude with the sampling site (Figure 1) , the correlations was analyzed between the plant carbon isotope discrimination (DS) and temperature and precipitation. The objective was to assess whether or not temperature and precipitation can exert a dominant impact on the growth of Tamarix and reconstruct them.
Material and method

Study area
The area being studied is located in Cele Oasis, which belongs to Hotian Prefecture of Xinjiang Uygur Autonomous Region, China, in TDSM. The Cele Oasis is one of hundreds of oases, large or small, such as Hotian Oasis, Yutian Oasis and Minfeng Oasis. It lies on the transition zone between the Taklimakan Desert and Kunlun Mountains, the upstream area of Celeriver's alluvial fan, and belongs to continental arid desert climate, with an annual average temperature of 12.13 °C and frequent wind sandy activities. According to the data gathered from Cele Meteorological Station, the annual precipitation is only 38.4mm, 50% to 70% of which concentrates in the period from June to September; but the annual average evaporation can reach to 2500 ~ 3400mm. The zonal vegetation is mainly made up of the xerophilous, super-xerophytic shrubs and semi-shrubs, as well as some alkali-saline-tolerant perennial herbs.
On both sides of riverbanks, delta areas, ancient riverbanks and local lowlands of the rivers, there are scattered Tamarixes, taking carbon from the air and oxygen and hydrogen from deep soil, standing fixed in the desert area often for centuries. Their unique physical characteristics enable them to survive in the arid, high salt desert regions. The longtime collaboration between wind sandy and Tamarix has formed Tamarix cones, a unique bio-geographical type, composed of alternate layers of sand and Tamarix twigs and leaves (Xia et al., 2004 
Data measurement
The age sequence of δ13C values was identified according to overall consideration of the age data derived from 210Pb, 137Cs dating methods, which were done in Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences (CAS), combined with the calculation of14C dating, which was done by the Accelerator Mass Spectrometry Laboratory in Beijing University, the rate of Tamarix cone sedimentation and the thickness of the each sedimentary layer (Zhao et al., 2015) .
The δ13C values of all samples were measured in Nanjing Institute of Geography and Limnology CAS, on the base of VPDB (the standard error of 0.1‰). The test steps are as follow: after the collected leaves were well pretreated, the obtained alpha cellulose was burned by Flash EA1112 Eelemental Analyzer; the combusted gas was sent into Delta Plus Advantage Isotope Mass Spectrometer to measure organic carbon isotope ratio of the sample (13C/12C).
The 
Statistical analysis
Descriptive statistical analysis was carried out on δ13C and DS, then a bivariate correlation analysis was performed to examine the links between plant DS and temperature and precipitation. Considering the existence of potential interactions between temperature and precipitation, partial correlation analysis, in which temperature and precipitation were separately controlled, was applied to describe the actual links between Tamarix leaf DS and temperature and precipitation. Regression analysis was used to constrain the influences of temperature and precipitation on Tamarix leaf DS. The regression models were established according to the Tamarix leaf DS with least square fitting method to reconstruct the history climate information. All statistical analysis was performed using IBM SPSS Statistics 19.0 (IBM Corporation, New York, NY, USA).
Results
The δ 13 C and DS
The δ 13 C values of the sample site were established in the period from 1590 to 2010 (Figure 2a) . The time span of this sampling sequence is 420 years. The δ 13 C values are within the range from -25.008‰ to -23.138‰, the average δ 13 C value is -24.137‰. In the period from 1790 to 1937, the δ13C value is lower and fluctuates frequently. In 1790, 1832, 1881 and 1933, the relatively low values appear, which are -24.625‰, -24.824‰, -25.008‰ and -24.938‰ respectively, and in 1881 the minimum value of the data series appears. There is a leap in 1939, 3.6% higher than that in 1937, and the δ 13 C value is greater and more dynamic till 2010, with the emergence of a maximum value of -23.138‰ in 1997. In , 1957 In and 1954 , the δ13C value is higher, but in 1974 it appears as a relatively lower value for this period.
The carbon isotope discrimination values (DS) were obtained by formula (1) (Figure  2b) . The values are within the range from 15.228‰ to 18.458‰, the average DS value is 17.372, and show a downward trend. Zhang 
Correlations analysis
The correlation between the δ 13 C values and temperature and precipitation and that between DS and temperature and precipitation are showed in Table 1 . Considering that the response of carbon isotope and carbon isotope discrimination to environmental factors may be dependent on Tamarix functional type, the influence of temperature and precipitation on δ13C and DS were analyzed separately.
There was a positive correlation between temperature and δ13C only in February (r=0.510, p=0.005). The DS values were correlated with the temperature in February and growing season, and significantly with mean annual temperature (MAT) (r=-0.761, p=0.000). The δ 13 C values were correlated with precipitation only in February (r=0.488, p=0.007) of that year, and the DS values were not associated with precipitation either in that year or previous year. But the precipitation changes rate of previous year (PCR) (i.e., the natural logarithm of the precipitation in the previous year) were correlated with DS (r = -0.376, p = 0.044) (shown as Table 2 ). The curve of reconstructed temperature were shown in Figure 3 . This results show that the difference of Tamarix leaf δ 13 C values in different sites of TDSM is tiny. The δ13C values show small regional differences because the sampling sites are geographically different, which proves that the variation of δ 13 C value of Tamarix leaves in arid regions is stable within species and regions. In addition, compared with the extremely arid Lop Nor region, the hinterland of the desert, the climate of Cele region in TDSM is relatively humid. Therefore, the Tamarix leaf δ 13 C values show a gradual decrease with the improvement of water conditions. This conclusion is similar to that of some conclusions (Liu et 
Effect of temperature on Tamarix
The correlation between temperature and DS is more significant than that with δ13C, and the DS sequence is correlated with the temperature in growing season and MAT negatively and significantly ( Table 1) .Combining the results of stepwise regression, we believe that temperature has exerted the key influence on carbon isotope discrimination of the Tamarix growing in arid area, and the DS decline 0.608 for each degree rise in MAT.
Temperature is one of the most important factors that control plant growth and certain physiological processes related to plant gas exchange activity. A decline temperature usually results in a reduction in enzyme activity and photosynthetic rate (Beerling, 1994) , thus leading to decreased CO 2 assimilation and a lower growth rate as a consequence. An increase in DS with decreasing temperature is therefore expected and has been observed in most of the studies on the influence of temperature on carbon isotope discrimination (e.g., McCarroll and Loader, 2004; Treydte et al., 2007; Wang et al., 2013) .
Our results are consistent with these studies and suggest a decline in DS with increasing temperature. The temperature influences the growth of Tamarix directly, and the higher mean annual temperature of the growing season is more beneficial to Tamarix. That shows an agreement with some researchers (Wang et 
Effect of precipitation on Tamarix
Numerous studies have reported the influence of water availability on plant carbon isotope discrimination (e.g., Wang et al., 2005 Wang et al., , 2008 Diefendorf et al., 2010; Kohn, 2010) , and a positive correlation between DS and water availability has been observed on most occasions. The mechanism of water availability on plant carbon isotope discrimination is that the plants would close their stomata to reduce water loss when moisture decreases, resulting in a lower ci/ca ratio and less negative δ13C values. In this study, the δ13C and DS values are with little dependence on contemporary precipitation but in February (r= -0.448, p=0.007) ( Table 1) . At the same time, correlation analysis ( Table 2) is made between DS sequence and the precipitation in the previous year and the precipitation changes rate of previous year (i.e., the natural logarithm of the precipitation in the previous year). The correlation coefficients are -0.335 and -0.376 (p=0.044).
The effect of precipitation on the growth of Tamarix is weaker. Preliminary analysis suggests that in more precipitation year, more snow and ice were deposited on the mountains than normal year, which may result in the larger quantity of underground water availability in growth period of Tamarix in the next year, and consequently promoted the photosynthetic rate and Tamarix growth.
This further proves the "lag effect" of precipitation (Leavitt and Long, 1989 ) on Tamarix growth. The precipitation is an important factor influencing the growth of Tamarix in arid region, but not directly, and the mechanism is complex.
Analysis of reconstructed temperature in past 400a
The temperature from 1590 to 2010 were reconstructed based on DS ( Figure  2a) ,could be divided into sub-periods by the year 1937 based on the trend.
The first period (1590 -1937): It is a 347-year time span. The trend line slanting rate of reconstructed temperature is 0.001, the temperature were more stable with a slighter fluctuation.
The second phase (1938 -2010): In the 72 years, the temperature underwent a remarkable increase, the trend line slanting rate is 0.0198, and its range of oscillation was extended. It can be defined as the modern warm and wet period.
The explained variance of reconstructed mean annual temperature is 56.4%, which is reliable. The results show a tendency toward warming, and the change will be more frequent and more intense, which reflects the characteristics of global climate change.
Conclusion
The present study conducted an investigation of Tamarix leaf δ13C in TDSM and analyzed the influence of temperature and precipitation on the variation in DS. Temperature, the key growth-limiting factor for Tamarix, was found a significant influence on DS, but the influence of precipitation was relatively weak. Future study should consider on water availability in relation to Tamarix carbon isotope discrimination. Ecosystems in TDSM are fragile and sensitive to climate change. With the rising temperature, more precipitation will be expected, which may have enormous impacts on productivity and stability of ecosystems in the future.
